Is life different from the non-living? If so, how? And how, in that case, does biology, as the study of living things, differ from other sciences? These questions lie at the heart of The Philosophy of Biology, and are traced through an exploration of episodes in the history of biology and philosophy. The book begins with Aristotle, then moves on to Descartes, comparing his position with that of Harvey. From the eighteenth century, the authors consider Buffon and Kant. From the nineteenth century, the authors examine the Cuvier-Geoffroy debate, pre-Darwinian geology and natural theology, Darwin, and the transition from Darwin to the revival of Mendelism. Two chapters on the twentieth century deal with the Modern Evolutionary Synthesis and such questions as the species problem, the reducibility or otherwise of biology to physics and chemistry, and the problem of biological explanation in terms of function and teleology. The final chapters reflect on the question of human nature and the implications of the philosophy of biology for the philosophy of science in general. Why has philosophy evolved in the way it has? How have its subdisciplines developed and what impact has this development had on the way the subject is now practiced? Each volume of The Evolution of Modern Philosophy series focuses on a particular subdiscipline of philosophy and examines how it has evolved into the subject as we now understand it. The volumes are written from the perspective of a practitioner in contemporary philosophy whose point of departure is the question: How did we get from there to here? Cumulatively, the series will constitute a library of modern conceptions of philosophy and will reveal how philosophy does not in fact comprise a set of timeless questions but has rather been shaped by broader intellectual and scientific developments to produce particular fields of inquiry addressing particular issues.
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Preface
There would never be, Immanuel Kant assured his readers, a "Newton of a blade of grass." Living things, he believed, are examples of "natural purposes," entities organized so purposefully that we cannot explain them altogether through the blind causality we apply to inanimate nature. At the same time, Kant argues that if living beings are organized purposely, or on purpose, rather than just purposefully, we cannot know it. There seems to be something special about things that are alive that exempts them from Newtonian mastery.
Something like this, although not quite in Kantian terms, has been the view of many natural historians, physicians, and comparative anatomists, as well as philosophers, in our tradition. Others, notably Descartes and his followers, as well as more recent "reductionist" thinkers, have denied that any such difference exists.
Yet even among those who stress the uniqueness of life, a number have appeared, at least implicitly, to welcome the accolade of "Newton of a blade of grass," whether for themselves or others. Georges Cuvier seems to have been happy to assume that title, though it was animals, not plants, that he studied. But he would also have been willing to claim the crown for Master Aristotle. Some thought Cuvier's rival, Etienne Geoffroy Saint-Hilaire, more worthy of that honor. And of course many have since found that it was Charles Darwin who gave the study of life such a new and scientifically satisfying solution that he truly deserved the title "Newton of a blade of grass." Still, all of these claimants would at least have agreed with Kant that the subject matter of biology has something about it that is not quite the same as physics.
Is on in what follows. The result is a study of figures and of episodes in the history of biology, as well as of philosophy, that seem to us to illuminate these basic problems in one way or another. Thus, while we are dealing with some interactions between biology and philosophy, we are far from attempting a survey of such events. That would be both tedious and beyond our competence. For example, we touch only incidentally on the preformation/epigenesis debate; we come close to ignoring the coming of the cell theory; we overlook Pasteur and the question of spontaneous generation, as well as Claude Bernard and the analysis of experimental method. Indeed, our treatment of the nineteenth century focuses, as we admit, on Darwin and some of the events that precede and follow the development of his theory. Linnaeus appears, parenthetically, in our chapter on Buffon, and Lamarck receives equally short shrift in the context of the Paris Museum of Natural History in the early nineteenth century and the Cuvier-Geoffroy debate. Nor, it should be added, despite the appearance of Harvey, whom we treat as a physiologist rather than a physician, have we dealt even episodically with the very complex, and different, subject of the history of medicine. Yet our hope is that by this highly selective, if not idiosyncratic, procedure we can illuminate some facets of the prehistory of the philosophy of biology as it has recently developed. We begin in antiquity, in particular with Aristotle, whose views we explore in Chapter I for at least three reasons. First, Descartes's wouldbe reform of the foundations of biology is intelligible only in the context of the Scholastic, at least remotely Aristotelian, tradition in which he was educated. Indeed, the Scholastic tradition itself reaches through to Cesalpino and into the beginnings of modern taxonomy. Second, Descartes's position is especially clear, as he himself stresses, in his arguments against Harvey's view of the motion of the heart, which we review. And Harvey, for his part, was a profoundly Aristotelian thinker, not in following the Scholastic model, but as an investigator with a deeply rooted interest in the functional particularities of living beings. Finally, in the nineteenth century, we find Cuvier attributing to Aristotle the foundation of comparative anatomy, insisting that in his own far-reaching study of the animal kingdom he was only carrying on the work for which Aristotle had laid down the foundation and the method. Geoffroy, of course, disagreed; we needed a new beginning, he believed. But even if he was right, we would want to know what it was he wanted to displace or transcend. Quite apart from those historical reasons, moreover, Aristotle, as the one great philosopher in our Preface xvii tradition who was also a great biologist, deserves to stand at the head of our study. So we begin by looking at his biology and, briefly, at some of the changes in biological philosophy that followed in the Hellenistic period.
From Aristotle and his successors we move abruptly to the origin of modern mechanism in the person of Descartes, comparing his position on the motion of the heart with that of Harvey. Setting the Cartesian enterprise within its Scholastic context, we see it reducing to local motion the four Aristotelian kinds of change: substantial, quantitative, qualitative, and local. Apart from God and mind, there is just spread-outness, and those things that look in some ways a little like us are only bits of matter ingeniously engineered by their creator. In effect, the notorious doctrine of the beast-machine does away with life. At the same time, Descartes, accepting the new doctrine of the circulation of the blood credited to Harvey, boasts that his own very different account of cardiac motion is superior to that of the English physician, precisely because it is more mechanical. The heart is a furnace in which the entering blood is rarefied, so that it pushes its way out into the aorta. Harvey's account is less perspicuous, and, what is worse, it reverses the traditional order of diastole and systole in a manner difficult for well-trained physicians to accept. In fact, Descartes's doctrine was commonly accepted for some time to come.
In the eighteenth century, we focus, first, on the work of the Comte de Buffon, the great natural historian whose work spans most of the century. Here we have clearly left the Scholastic tradition for a period in which it is the Newtonian heritage that has come to dominatein Buffon's case in the guise of the seeming inductivism of Newton's method. We find the inverse-square law prevailing everywhere, but do not ask why. We simply face reality and accept it. What we call "causes" are in fact only carefully generalized effects. Buffon sharply contrasts the abstractions of mathematics with what he calls "physical truth," which provides us with the best certainty we can attain. True, we must sometimes hypothesize, but then only carefully, in close touch, Buffon hopes, with concrete reality. Given this methodology, we look at Buffon's work in several areas: his radical skepticism about taxonomy, in contrast to the widely accepted Linnaean system; his concept of the species as a historical -though permanent -entity; his view of generation, which is opposed to the popular notion of "emboitement," or preformed encasement, but involves so-called organic molecules and internal molds, as well as special forces that maintain each species; and, finally, Buffon's xviii Preface sense of the uniqueness of the living, which puts him into some relation to the emergence of a vitalist philosophy.
Toward the close of the (eighteenth) century we have, further, Kant's "Critique of Teleological Judgment," an account, as we have seen, of organisms as "natural purposes," in which all parts are harmoniously both ends and means (Kant 1793). In this work, Kant was both influenced by, and in his turn, an influence on work in the unified, or unifying, set of inquiries that was beginning to be called "biology," especially at the University of Göttingen. In Kant, the conflict between mechanistic physics and the purposiveness of life forms is at its most acute -so acute, he held, that we will never resolve it.
The early nineteenth century is marked by the preeminence of the Museum of Natural History in Paris. It was a time of explosive development in comparative anatomy. In particular, we consider the famous controversy between two leading figures there, Georges Cuvier and Etienne Geoffroy Saint-Hilaire. For Cuvier, it was the details of comparative anatomy that mattered. Geoffroy, in contrast, was always in search of constancies, of one overarching plan that would explain the morphological relations (though not primarily genealogical relations!) between animals of seemingly different types. By the time Darwin was formulating his theory, both of these perspectives had come to be accepted alongside one another, although in the Origin of Species, Cuvier's "conditions of existence" were ranked as more fundamental than Geoffroy's "unity of type." We explore the Cuvier-Geoffroy controversy in Chapter 5.
Two interconnected lines of thought in Britain remain to be considered as background to Darwin's theorizing. On the one hand, there is the development of geology, which revealed extinctions -and plenty of them. The development of geology gave rise to the important debate between uniformitarians and catastrophists about the proper reading of the earth's history. Their divergence reflected a wider disagreement in the philosophy of science between John Herschel's conception of the identification of "true causes" as the heart of the inductive process, and William Whewell's perhaps more conservative notion of the "consilience of inductions." At the same time, a traditional belief in the fixity of species was shaken, in some quarters by the work of Lamarck, but (in Britain at any rate) more shockingly and at a more popular level by the publication of the notorious Vestiges of Creation in 1844. All these developments, finally, were closely related to challenges posed to, and defenses attempted for, a deeply rooted British trust in the tradition xx Preface and from developmental biologists, especially in recent attempts to read some features of development into evolutionary theory.
Although the analysis of evolutionary theory is certainly central to the philosophy of biology as it developed in the second half of the twentieth century, there have also been other conspicuous areas of debate. The species problem is still hotly debated. After Darwin, can we call species real? And if so, what are they? An authoritative view has been that of Ernst Mayr's "biological species concept," according to which species are potentially interbreeding populations. But there has also been opposition to this notion. One question vigorously debated concerns the ontological status of species, again in the wake of evolutionary theory: Are they classes (which, some argue, cannot be altered) or individuals? Further, whatever species are, there is the problem of classifying them. Numerical taxonomists wanted a purely conventional basis for their science. Various sorts of "cladists" want a method based somehow on Willi Hennig's "phylogenetic systematics." Still other, evolutionary, taxonomists claim that classification by splitting alone will not do; evolutionary distance, change in life style, and so on, should be taken into account.
A second group of problems concerns the reduction, or otherwise, of biology to physics and chemistry. Early in the century, there were still vitalists opposing programmatic mechanists. Although confrontation in those terms seems to be over, biologists and biologically concerned philosophers still take diverse stands on the question, permitting, or opposing, various degrees of reduction -theoretical, ontological, or methodological.
Finally, there is the problem of biological explanation. If it is somehow sui generis, is it, as many used to think, teleological in character? There is still lively discussion about this question, especially in relation to the concept of function and its connection, if any, with teleology of some sort. Here we consider the two major contenders, "etiological" or "selected effect" functions, and "causal role" functions, as well as some variants on them.
As the title of our book indicates, the topics we are concerned with have chiefly to do with matters in biology in general -reflections on understanding life -rather than with human concerns, with questions having to do with our life in particular. However, in Chapter 11, we do look, if sketchily, at questions connected with human nature. First, there is the question of human origins, especially with respect to the unity of the species. Second, there is the old worry of nature versus
